As multidrug resistance is rising, there is a steep decline in antibiotic discovery and development\[[@ref1]\]. Hence, there is a continuing and cyclical need of new antibiotics to combat antibiotic resistant strains of pathogenic bacteria\[[@ref2]\]. The actinobacteria are a group of Gram-positive bacteria, majority of which are found in the soil playing a significant role in decomposition and humus formation. The discovery of new molecules from actinobacteria have marked an epoch in antibiotic research as most of its antibiotics are too complex to be synthesized by combinatorial chemistry\[[@ref3][@ref4]\]. Actinobacteria are the most prolific producer of antibiotics\[[@ref5]\]. Out of more than eight thousand antimicrobial products described in antibiotic literature database (ABL database), 45.6% are produced by Streptomycetes and 16% by strains belonging to rare genera of actinobacteria\[[@ref3]\], which forms an important component of the soil microflora\[[@ref6]\]. The rate of discovery of new compounds from terrestrial actinobacteria has decreased, whereas the rate of reisolation of known compounds has increased\[[@ref7]\].

Search of underexplored ecological niches have revealed new molecules which stresses the need to explore new groups of actinobacteria from such habitats as source of novel bioactive secondary metabolites supplemented by novel selected media and/or improvement of isolation methods\[[@ref6]--[@ref8]\]. Baltz has estimated that less than one part in 10^12^ of the earth\'s soil surface has been screened for actinobacteria\[[@ref1]\]. Only 10% of natural products from screened strains and just 1% of molecules from the global consortium of microbial producers may have been discovered by researchers\[[@ref2]\].

There are many techniques for detecting antimicrobial activity; most of them are based on methods involving diffusion through solid or semi-solid culture media to inhibit the growth of sensitive microorganisms\[[@ref9]\]. The cross-streaking is a easy and relatively rapid method for screening cultures in search for new antibiotics and thus establish a spectrum of inhibiting properties of any bacterium, mold, or actinobacteria which will grow discretely on an agar plate\[[@ref10]\]. Studies have revealed that the 'cross streak method' resulted in higher inhibition zones on indicator bacteria than those obtained by agar well diffusion method\[[@ref9]\] but the major drawback of the 'cross streak method' was difficulty in obtaining quantitative data, since the margins of the zone of inhibition were usually very fuzzy and indistinct\[[@ref10]\]. Hence, in the present study, we reported the isolation as well as the inhibitory effects of local actinobacterial isolates on various human pathogenic bacteria and yeast using a modified cross streak method.

For screening, the soil samples were collected from various locations in Goa ([Table 1](#T1){ref-type="table"}) at a depth of 10-20 cm in clean polythene bags. Several diverse habitats in different areas were selected for isolation of actinobacterial strains, which included forest, biogenic, market, orchard and sediment soils. Samples were transported to the laboratory and stored at 4° until use. The bacterial strains used were procured from the Department of Microbiology, Goa Medical College, Goa while the yeast strain was procured from Microbial Type Culture Collections, Chandigarh (MTCC). The bacteria strains were maintained on slants of Nutrient Agar (Himedia, India), whereas the yeast strain was maintained on slants of Potato Dextrose Agar (Himedia, India). Other chemicals used were of analytical grade and were purchased from Sigma, Germany.
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VARIOUS SITES SELECTED FOR SOIL SAMPLE COLLECTION
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A modified slide technique for isolation of soil actinobacteria in a natural tropical community was used, which employs slides coated with Arginine Vitamin Agar (AVA) medium to specifically capture *ex situ* actinobacterial diversity. The composition of AVA medium\[[@ref11]\] is given in [Table 2](#T2){ref-type="table"}. The basal medium and the stock trace element solution were sterilized by autoclaving at 121° for 20 min and pH of the medium was adjusted to 6.8 by using 0.1N NaOH/HCl. The stock vitamin and antibiotic solution was membrane sterilized and added later to the presterilised basal medium. The soil samples were filled in clean polyvinylchloride pots and pair of test slides (with antibiotics) was then inserted so that the coated surface was in contact with the surrounding soil horizon. The sets of slides were sampled at predetermined time points on 4, 7, 12, 15, 22, 26 and 28 days without disturbing the colonized coated surface and processed immediately. The slides were then washed with 1 ml of sterile distilled water and 0.1 ml of the suspension was then plated on antibiotic based AVA medium (the same used for coating the slides) and incubated at room temperature of 28-30° till visible colonies were seen on the plates. Incubated plates were observed under Olympus SZ51 stereomicroscope (Tokyo, Japan) and the actinobacterial colonies were then transferred to AVA slants and incubated at the ambient temperature of 28° for 4-7 days.
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AVA MEDIA COMPOSITION

![](IJPhS-73-223-g002)

The isolates were phenotypically grouped according to the traditional criteria of classification including growth, aerial spore-mass colour, texture, elevation, substrate mycelium colour, margin, pigment production and presence or absence of exudates. For micromorphological details air dried smears stained in 1% w/v crystal violet were used and morphology of the spore bearing hyphae with entire spore chain was studied along with other microstructures\[[@ref11][@ref12]\]. The criteria used to select the actinobacterial strains were based on *ex situ* slide observations. The strains, which were recovered from slides having less or no fungal bacterial colonization, were selected as it was assumed that these strains could be potential antibiotics procedures.

Determination of antimicrobial activities of 30 pure actinobacterial cultures was performed by modified cross-streak method (MCSM). Muller-Hinton agar (Himedia, India) plates\[[@ref8]\] were prepared and inoculated with actinobacterial cultures by a single streak in the centre of the Petri dish and incubated at 28° for 7 days. This was done to provide enough time for the active organism to produce the antibiotic substance, which will diffuse into the agar medium\[[@ref13]\]. The cross-streak method (CSM)\[[@ref14]\] was modified by keeping the distance between the test pathogen streak fixed i.e. 1 cm; length of the test pathogen streak line, 3 cm; streak width, 0.5 cm; length of actinobacterial streak, 7 cm and width of the actinobacterial streak, 0.5 cm. The markings were drawn on a transparency sheet, which acted as a template and was attached below the plates to facilitate streaking and thereafter in quantifying the results.

The plates were seeded with test organisms by streaking perpendicular to the line of actinobacterial growth. The plates containing active organisms were kept for 14-28 days to determine whether the test pathogens made any further growth towards the master streak, or whether they remain stationary, or whether lysis of the test pathogens occurred\[[@ref14]\]. Antagonism was observed based on the inhibitory interaction between the actinobacteria and test strains. The potential antagonistic producer was selected by screening the actinobacterial isolates against a group of pathogens which included human pathogenic Gram negative bacteria such as *Salmonella typhi*, *Shigella flexneri*, *Proteus* sp., *Enterobacter aerogenes*, *Serratia marcescens*, Gram-positive bacteria such as *Staphylococcus aureus* and *Bacillus subtilis* and dimorphic yeast such as *Candida albicans* (MTCC183).

Since the area of each test streak was fixed at 150 mm^2^ it was possible to quantify regions of growth and measure the clear/inhibited areas with a graph paper template. The clear areas for different test species are indicators of antibiotic activity and are proportional to antibiotic concentration and diffusion. To express these results quantitatively and to prepare quantitative antibiotic activity score matrices, the following Eqns. were used, Percent area specific differential antibiotic activity score (PASDAAS)= (AWG/TSA)×100.......(1), where, AWG is the area on the plate without growth for each test panel streak, TSA is the total streak area (150 mm^2^) scored for each test panel streak.

Percent multispecific antibiosis efficiency score (PMSAES), gives the efficiency of tested actinobacteria strain to inhibit more than a single test pathogen. The ideal score would be 100. This is computed using the Eqn. PMSAES=(ΣPASDAASTP~1-8~/TPS)×100.......(2), where, ΣPASDAASTP~1-8~ is the percent area specific differential antibiotic activity score of test pathogens 1-8 and TPS is total possible score for all test pathogens (i.e. 100×8=800). Scoring total or percent overall inhibition efficiency score (POIES), since multiple microbial species were used in the test panel it was possible to calculate a total score for each actinobacteria using the following Eqn, POIES= (TNIS/TNTS)×100......(3), where, TNIS is total number of inhibited species and TNTS is total number of test species. The ideal score for multispecific inhibition would be 100. Having calculated the total no of positive results of each test pathogen against 30 actinobacterial strains, it was possible calculate percent overall screening efficiency score (POSES). This is computed by the equation, POSES= (TPR/TAS)×100......(4), where TPR is total no of positive results of each test pathogen and TAS is total no of actinobacterial strains.

The occurrence and distribution of different genera of actinobacteria isolated from different soil samples are presented in [Table 1](#T1){ref-type="table"}. Despite the addition of antibiotics in the slide coating medium (SCM) to inhibit growth of unwanted microbes and allow actinobacteria to dominate, bacterial and fungal spores were observed, which shows their partial resistance towards the incorporated antibiotics. These slides acted as reference to the slides in which less or no fungal and bacterial colonization was observed. The strains recovered from such slides were thus assumed to be potential producers of antibiotics (antifungal and antibacterial) and were selected for screening.

Based on the spore morphology and mycelium, the isolated strains were classified into various genera. Out of the 30 actinobacterial isolates, 16 isolates were identified as genus *Streptomyces* (spore chain with coiling, spiral and looped), 3 as *Actinomadura* (spore chains are straight and open hooked), 4 as *Micromonospora* (clusters of single conidia on substrate mycelium) and 7 were unidentified actinobacterial strains. Among the genera recorded in the present study, *Streptomyces* was the most predominant as compared to others. The dominance of *Streptomyces* among the actinobacteria especially in soils has also been reported by many workers\[[@ref15][@ref16]\]. Preliminary tests for antimicrobial activity of isolated strains obtained from different locations in Goa, clearly demonstrated that 53% of actinobacterial strains belonging to *Streptomyces* genera, 13% belonging to *Micromonospora* and 10% belonging to *Actinomadura* genera have the ability of producing antimicrobial compounds. Results demonstrate the fertility of the sampled soils in possessing such microbes, which are valued for their unparalleled ability to produce bioactive molecules of biotechnological and pharmaceutical importance. The cross streak method was modified as the streak non uniformity caused a problem with respect to quantifying the results\[[@ref10]\]. Besides mutual antibiosis due to use of multiple cultures in the test panel could not be ruled out. The distance between the test steak and the actinobacterial strain was kept constant to reduce the effect of probable mutual antibiosis, as multiple cultures were used in the test panel. Since the test pathogen population was delimited within a defined streaking zone, antibiosis would indicate its impact with respect to that zone and thus the antibiosis reaction could be easily quantified.

Out of 30 cultures screened for antimicrobial activity, 28 cultures showed positive activity. Fifty percent of all antimicrobial producing strains had inhibited five Gram positive bacteria, thirty percent strains had inhibited two Gram negative bacteria and twenty percent strains inhibited multidrug resistant human pathogenic strain of *Candida albicans*. The multidrug resistance is presently an urgent focus of research and new bioactive compounds are necessary to combat these multidrug resistance pathogens\[[@ref8][@ref17]\]. The results of the antimicrobial screening are represented in [Table 3](#T3){ref-type="table"}.
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PASDAAS AND POIES FOR EACH ACTINOBACTERIAL STRAIN
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*Streptomyces* sp. strain MMA-5 showed high PASDAAS against *Serratia marcescens* (87), *Salmonella typhi* (80), *Staphylococcus aureus* (80), *Bacillus subtilis* (80), and *Candida albicans* (80). while *Streptomyces* sp. strain MAS-11 showed high PASDAAS against *Serratia marcescens* (87) and *Shigella flexneri* (80) whereas *Streptomyces* sp. strain SIA-2 and *Streptomyces* sp. strain MAS-30 were found to be active against *Bacillus subtilis* (80) and *Candida albicans* (80). Unidentified actinobacterial strain KFA-1Gb was found active against *Shigella flexneri* (80) and *Candida albicans* (80). *Streptomyces* sp. strain KFA-5 was found active against *Staphylococcus aureus* (80). *Streptomyces* sp. strain KFA-1 was found to be active against *Shigella flexneri* (80) where as *Micromonospora* sp. strain KFA-9 and *Micromonospora* sp. strain MMA-8 was found to be active against *Shigella flexneri* (80). *Streptomyces* sp. strain MMA-5 showed the highest PMSAES (59) value ([fig 1](#F1){ref-type="fig"}). Broad antibiotic spectrum activity against eight test pathogens was exhibited by *Streptomyces* sp. strain MMA-2 and *Micromonospora* sp. strain MMA-8 ([Table 3](#T3){ref-type="table"}). The highest POSES was exhibited against *Staphylococcus aureus* followed by *Proteus* sp. and *Candida albicans* ([fig. 2](#F2){ref-type="fig"}). Fig. 1Percent Multispecific Antibiosis Efficiency Score (PMSAES) exhibited by actinobacterial strains. Fig. 2Percent Overall Screening Efficiency Score (POSES).Figure 2

From these results we concluded that, a total of 28 actinobacterial isolates associated with soil have shown the ability to produce antimicrobial compounds against 8 test pathogens, especially multiple antibiotic resistant Gram positive bacteria and yeast using 'modified cross streak method'. Further studies on molecular taxonomical characterization of the potential organisms, purification, and characterization of antibacterial and anticandidial compounds are warranted.
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